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TheplanetMarshasbecomethefocusofan intensiveseriesofmissionsthatspandecadesoftime,a widearrayof
internationalagenciesandanevolutionfromroboticsto humans.ThenumberofmissionstoMarsat anyonetime,andovera
periodoftime, is unprecedentedintheannalsof spaceexploration.To meettheoperationalneedsofthisexploratoryfleetwill
requirethe implementationof newarchitecturalconceptsforcommunicationsandnavigation.

To thisend, NASA'sJetPropulsionLaboratoryhasbegunto defineanddevelopa Marscommunicationsandnavigation
orbitalinfrastructure. Thisarchitecturewill makeextensiveuse of assetsat Mars,as wellas use of traditionalEarth-based
assets,suchas the DeepSpaceNetwork,DSN. Indeed,thetotalsystemcan bethoughtof as anextensionof DSNnodesand
servicesto the Marsin-situregion. The concepthas beenlikenedto the beginningsof an interplanetaryIntemet thatwillbring
the explorationof Mars right into our livingrooms.

The paperwillbeginwitha high-leveloverviewofthe conceptfor the Marscommunicationsandnavigation
infrastructure.Next, the missionrequirementswill be presented. Thesewill includethe relativelynear-termneedsof robotic
landers,rovers,ascentvehicles,balloons,airplanes,and possiblyorbiting,arrivinganddepartingspacecraft. Requirements
envisionedfor the human explorationof Marswill also bedescribed.The importantMarsorbit designtradeson
telecommunicationsand navigationcapabilitieswillbesummarized,andthe baselineinfrastructurewill be described. A roedmap
of NASA'splanto evolvethis infrastructureover timewill beshown. Finally,launchconsiderationsanddelivery to Marswillbe
briefly treated.

Four performancegoals are very importantin the design of the Marsorbital infrastructure:

I.RedundantEquatorialCoverage.ManyoftheMarssciencemissionsfocusonregionswithinthe+/-20latituderegion.
Relatedtothis,thefirstmannedmissionsareplanningnearequatoriallandingsites.Thus,oneofthegoalsistoprovidehigh
capacitycoverageoftheequatorialregions,evenintheeventofthelossofanysinglespacecraftintheconstellation.The
practicalresultofthisistodeploytwospacecraftinnearequatorialorbits.

2. RedundantGlobalCoverage.Somemissiontypessuchasglobalseismicor meteorologicalnetworksrequiregloballow
capacitycoverage. Since a single satellitein near-polarorbit providescoverageto the entiremartiansurface. Including2
spacecraftin nearpolar inclinationwill maintainglobalcoverageinthe eventof thelossof any singlespacecraftin the
constellation.

3. MaximizeCoverage/PerformanceAcrossallLatitudesand Longitudes.

4. MinimizeCoverage/PerformanceVariationsAcrossall Latitudesand Longitudes.Goals3 and4 can beachievedby"tuning"
the inclinationand altitudeof the constellation.

The figureshownbelowshows an exampleofdata returnperformancefor a candidateconstellationthat satisfiesall of the
abovedesigngoals. Loweringspacecraftaltitudebelow600 kmproducesmore variabilityin data return performanceacross
Marssurfacelongitudesand latitudes.Datareturnperformanceis stronglyaffectedby communicationsrange. Increasing
spacecraftaltitudeabove 600km altituderapidlyreducescommunicationsperformanceacrossthe entire planet. In summary,



thisconstellationprovidesexcellent coverage,200 - 500 Mbit/sol,of thehightrafficequatorialregionof Marsandconsistently
goodcoverage,150-200Mbit/solof the remainderof themartiansurface.
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A companion paper, entitled "Constellation Design for a Mars-Orbiting Communications and
Navigation Network', provides a detailed description of the communications and navigation
analysis carried out in the orbital design of the satellite constellation.


